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H O W M U C H P R E V E N T IV E M A IN T E N A N C E ?
H ow do we know when we have made the best possible use of the
funds available for highway and street maintenance? Is it when we
allocate 20 percent of the budget to preventive maintenance activities
such as sealing asphalt surfaces and blading gravel shoulders? Is 20
percent enough, or is it too much? The answer, of course, is that we
don’t know. W e have no basis of fact to supplement our judgments
about the economics of asphalt sealing or shoulder work, or any other
maintenance activity.
W hat Is Known
W e do have some facts regarding revenues and costs. As illustrated
in Figure 1, since 1972 there has been a downward trend in total high
way receipts, and the trend applies not only to current dollars but to
dollars adjusted by the consumer price index.
On the cost side of the picture (Figure 2 ), we know that mainte
nance costs have nearly doubled since 1965, and that construction costs
are far outpacing the consumer price index. Both revenue and cost
trends are expected to continue, in spite of the temporary stability in
prices.
So far as physical maintenance is concerned, we know that some
combination of maintenance activities will extend the useful life of a
facility beyond the point we could expect if no maintenance were per
formed. Patching potholes and repairing edge failures add to the life
span of any surface. The same surface, sealed or resealed on a regular
basis, may last two or three times as many years as a similar surface
that is not sealed.
W e also know that maintenance is expensive, but it is not as costly
as the price we have to pay to reconstruct a facility or to build a new
one. Over a period of 25 years, for example, we may spend $40,000
to maintain a certain bridge— one that has a replacement cost which
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Figure 1.

Trends in State Highway Receipts (From Highway Statistics,

F H A , 1965-1974. Base Year is 1967)
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Figure 2.

Trends in State Highway Maintenance Expenditures (F rom Highway Statistics, F H A , 1965-1974. Base Year is 1967)
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is many times the cumulative maintenance expense. W e use the same
logic to justify preventive maintenance of other facilities: the total cost
of a 25-year street maintenance program that includes preventive activi
ties will be lower than the cost of a program that is limited to repair
work. But we don’t know how much lower.
The Need for Better Answers
Mathematical models have been used for some time to try to quantify
the costs and savings associated with preventive maintenance. And
several computer programs have been developed to calculate the theo
retical payoffs of hypothetical maintenance strategies. A few state high
way departments also have designed “ pavement management systems.”
These systems usually involve comprehensive pavement ratings, exten
sive reporting of the work performed on each station or segment of the
road network, and detailed cost analyses.
The mathematical models and the pavement management systems are
generating considerable amounts of data, and some day they will pro
vide better answers regarding the economics of preventive maintenance.
The problem is that we need better answers today. W e need to have
facts concerning the way maintenance should be managed and the costs
and benefits of performing individual activities.
M A IN T E N A N C E M A N A G E M E N T SY ST E M S
Some of the facts can be supplied by existing maintenance manage
ment systems similar to the one implemented by the Indiana State
Highway Commission. Figure 3 illustrates part of Indiana’s system.
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The same basic elements have been applied to maintenance opera
tions in many cities and counties. The design (or development) process
is relatively simple.
Activities and Standards
The process starts with the work itself. Maintenance is defined in
terms of activities and a unit of measure is established for each activity.
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For example, asphalt sealing is described in specific terms and cubic
yard or square yard or mile is used as the basis for measuring work
and results.
Performance standards are developed, activity by activity. Each
standard identifies: (1 ) performance criteria that describe the conditions
under which work should be done, (2 ) a general work procedure and
a listing of the resources to be used when performing the activity, and
(3 ) the results expected, in terms of average daily production or pro
ductivity. Given a specific performance criteria and work procedure,
the standard for asphalt sealing might indicate that ten men, four
dump trucks, two rollers, a chip spreader, and a distributor should be
able to seal an average of two miles per day.
Inventories and Service Levels
Physical inventories are taken of the facilities being maintained.
The inventories define the nature and scope of maintenance responsibili
ties by geographical area or district.
At this point, an initial service level is established for each activity
and applied to the appropriate inventory value. For example, for
asphalt sealing the initial service level might be a five-year frequency—
an annual rate of 0.2 mile per mile of highway or street. This fre
quency, when applied to an appropriate inventory value of say 250 miles,
defines the annual amount of sealing to be done: 0.2 X 250, or 50 miles.
Can the five-year frequency be justified on economic grounds? It
depends on the facts we had when the frequency was set. For the
time being, we will assume that it represents our best judgment as to
the amount of preventive maintenance it will take to extend the useful
life of the surface.
IVork Programs and Budgets
The 50 miles of sealing to be done are put in terms of the number
of days it will take to complete the work. The total quantity divided
by the average daily production from the performance standards pro
vides the answer: 50
2 = 25. The total cost of the work is calcu
lated by multiplying the number of days of work by the cost per day,
based on the standard complement of manpower,
materials.

equipment, and

In this example, a daily cost of $4,100 translates into an

annual cost of $102,500, for 50 miles (and 25 days) of asphalt sealing.
The same kinds of calculations are made for essentially all other
activities, to develop a work program and budget similar to that illus
trated in Figure 4.

Figure 4.

Typical W o rk Program and Budget
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The work program and budget can be recalculated to provide indi
cations of the relationships between service levels and costs: a sealing
frequency of once every five years will cost $102,500; once every four
years will cost $128,125; once every ten years will cost $51,250; and
so on. And the mix of activities can be justified to reflect analyses of
the costs and benefits associated with each activity.
P R E V E N T IV E M A IN T E N A N C E : C O STS A N D B E N E F IT S
Analyses of the costs and benefits of work is a logical extension of
the system framework outlined above. The real issue, of course, is
whether or not the benefits of a preventive maintenance activity justify
the cost. In the sealing example, our best judgment indicated that a
five-year frequency provides optimum benefit. But that may not be true.
In the diagram in Figure 5, we may be operating at point “ C ” — a
point at which the benefits are marginal in relation to the costs. The
same analysis applies to other activities: as the amount of work efforts
(and costs) increase the benefits increase— point “ A ” in the diagram.
But when point “ B” is reached, any additional work efforts will add
more to the total costs than to the benefits.

Figure 5.

Typical Cost-Benefit Curve

Demonstration Laboratory
The problem is to find point “ B” for each maintenance activity. One
approach is to establish a physical “ demonstration area” in which main
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tenance is performed under controlled conditions and observations and
measurements are made regarding the costs and benefits of each major
kind of work. The geographical area itself contains a small sample of
all maintainable facilities. One or two parts of a maintenance district
(or city or county) are satisfactory, so long as the total area is reason
ably representative of all facilities.
Measuring Costs and Benefits
The cost side of the equation is relatively easy to establish. In most
highway and street agencies, all that is needed is a simple modification of
cost collection procedures, to make sure that the cost of work in the
demonstration area is recorded properly.
Obtaining reasonable measurements of the benefits of each major
activity is more difficult, but not overpowering. The approach that one
agency will be using involves three broad steps:
1. Criteria. The traditional reasons for performing mainte
nance will be used as a basis for evaluating maintenance work in
the demonstration area. Five factors are involved: traffic safety,
preservation of investment, esthetics, public comfort, and user cost.
The relative importance of each factor will be established by assign
ing numerical values, such as 0.9 for traffic safety and 0.7 for user
cost.
2. Facility Ratings. Evaluations will be made of the levels of
service being provided throughout the demonstration area. For some
combinations of activities and facilities, such as roadside litter pickup,
the ratings will be based on observations and judgments. For other
combinations, such as asphalt sealing and reshaping shoulders, objec
tive measurements will be used. Skid resistance, traffic accident
counts, and surface-shoulder drop-off are good possibilities.
3. Composite Scores. The service-level evaluations will be ap
plied to the values established for the various criteria, activity by
activity. The result, a composite rating, will establish the general
shape of the cost-benefit curve for each activity or category of
activity.
The results of adopting certain service levels— by performing work
at various frequencies and in various quantities— will be displayed in
tabular form and in diagrams similar to the one in Figure 6. In this
illustration, the optimum frequency for shoulder reshaping (point “ B” )
is about two times per year. This work performed once a year results
in a relatively low rating, and once-a-month performance results in a
rating that is very little above that for a semi-annual frequency.
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Figure 6.

Typical Cost-Benefit Display

The next logical step, and one of the main reasons for using this
process, is to identify the trade-offs between preventive maintenance and
repair-rehabilitation work. Theoretically, the total cost of a maintenance
work program will be minimized when the cost of preventive mainte
nance equals the cost of repair-rehabilitation work. As a practical matter,
the distinction between the two kinds of work frequently is too fuzzy
to achieve a perfect balance. But the end result will still be useful,
partly because optimum service levels are being identified activity by
activity, and partly because the nature of maintenance is such that a
perfect balance would occur only by coincidence.
F U R T H E R T H O U G H T S A N D C O N C L U S IO N S
The demonstration-area approach to establishing measurements of
maintenance costs and benefits is somewhat unique:
• It provides a comparatively simple way of evaluating the eco
nomics of work. There are no complex mathematics or voluminous
records needed to obtain reasonably accurate data— a real plus
for most county and local agencies.
• Simple ratings, instead of theoretical dollar values, are used to
identify the benefits of various service levels.
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• The process avoids the degree of perfection and expense associated
with computerized models and comprehensive pavement manage
ment systems.
• For many highway and street agencies, the process is a simple
extension of their maintenance management systems.
Within a year or so, research now getting underway will begin pro
viding the facts needed to supplement the judgments being made
about the economics of several preventive maintenance activities. By
the time the next budget has to be prepared, reasonable service-level
ranges will be identified for 80 to 90 percent of the workload. And,
for some activities such as reshaping gravel shoulders and litter pickup,
the range will be quite narrow.
Comparable research, already performed on a smaller scale, also sug
gests that within two to three years the economics of all but a few
activities will be identified, at least in one agency. Additional time will
be required to narrow the service level ranges for some kinds of work,
including major rehabilitation and overlays.
W e are convinced that almost any kind of preventive maintenance
extends the useful life of highway and street facilities, and we know
that, in an indirect manner, a demonstration area will help answer
questions about the economics of specific service levels. When these
questions are answered, so are the questions as to how well we are using
the funds available for highway and street maintenance.

